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avioral  and  JEEG  Changes  in  Cats  Induced  by  Prolongs 
Stimulation  of  Amygdala1 
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iSsu-deFi.orida,  Fkasciscu  am)  Just  M,.  R.  Delgado,  lasting  /><•- 
Li/  j lui  EECi  change  in  tats  iruiuccd  by  prolonged  stimuLUion  or  o myg- 

- Bum.  Am.  J.  Physiol,  193(1):  223,-221).  iQsS.-^Social  behavior  of  a  colony 

of  eight  cats  was  recorded  by  time-lapse  photography.  A  picture  was  taken 
every  9  seconds  for  10  hours  daily.  Direct  observations  were  also  made.  Films 
were  analyzed,  noting  the  time  spent  by  each  animal  in  selected  patterns  of 
behavior.  Permanent  cerebral  electrodes  were  implanted  in  15  cats  and  dif¬ 
ferent  areas  stimulated  for  half  a  second  every  5  seconds  for  :  hour  daily 
for  t- 15  days.  This  type  of  prolonged  stimulation  of  amygdala  increased 
playful  and  contactual  activities,  modified  aggressive  and  sexual  behavior 
and  produced  other  somatic,  autonomic  and  behavioral  effects.  Local  electri¬ 
cal  activity  was  also  influenced  and  seizure-like  patterns  were  persistently 
recorded.  Both  behavioral  and  EEG  phenomena  were  reversible  (with  2  ex¬ 
ceptions)  and  reproducible.  Similar  prolonged  sUffiulaUon  of  other  cerebral 
structures  (internal  capsule,  falx  cerebri  and  anterior  hypothalamus)  did  not 
produce  significant  results,  j, 
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Ti  k  KOLKof  amygdaloid  nuclei  in  behav- 
i  ir.  particularly  in  emotional  and  sex- 
1  al  manifestations,  has  been  repeatedly 
'.esc  rib  xl  in  the  literature  (1-16).  Some  au¬ 
thors  ( .7,  18)  have  used  implanted  electrodes 
In  st in  ilia?.”  the  amygdala  in  nna nest heiized 
animal  >.  The  evoked  effects  included  somatic 
and  ai  tonotnic  responses,  oral  activities,  vo- 
lizat  on  and  well  organized  patterns  of  offen¬ 
sive  1  nd  defensive  behavior  which  were 
•i  serv  xl  during  or  immediately  after  electrical 
stir.iul  ition  of  the  brain  applied  for  a  few 
v'corn  5.  lauding  increase  of  food  intake  in¬ 
duced  by  electrical  stimulation  of  the  lateral 
by»>ot  lalamus  for  1  hour  daily  has  been  re- 
oortec  by  one  of  us  (19).  In  the  present  study 
an  att  ;mpt  was  made  to  learn  whether  or  not 

Ret  ivexl  fur  publicaiion  ju.w  12,  u)S<>. 
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Listing  behavioral  and  or  electroencephalo¬ 
graph  ic  changes  might  be  obtained  by  pro¬ 
longed  stimulation  of  the  amygdaloid  complex. 
Correlation  between  behavior  and  KEG  war. 
also  analyzed.  The  amygdala  was  selected 
because  it  is  concerned  with  the  integration  of 
patterns  of  emotional  behavior  and  trecause  of 
its  possible  role  in  epileptic  manifestations.  The 
use  of  a  colony  of  animals  ]>ermiued  study  of 
social  relations.  For  this  purpose,  in  addition 
to  conventional  methods,  a  technique  was  de¬ 
veloped  for  time-lapse  photographic  recordings, 
ulterior  quantifications  and  statistical  analysis 
of  selected  categories  of  behavior. 

METHODS 

Stimulation.  Multilead  needle  electrodes 
were  permanently  implanted  within  the  brain 
of  15  male  cats.  The  electrodes  were  designed, 
placed,  and  the  {xisition  of  each  lead  deter¬ 
mined  according  to  the  technique  described  by 
Delgado  (20,  21).  Bipolar  stimulation  was  a[>- 
plied  with  square  bidirectional  wavrs  of  0.1 
msec,  pulse  duration,  too  cps,  intensity  from 
0.2  to  4.0  ma  for  0.5  second  every  5  seconds. 
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.luring  :  hour  daily  for  j  i.s  days.  J ** .ints  w ii !i 
in'.'  niiivul.ivc  threshold  were  nc!i-c  ted  lor  stim¬ 
ulation  Intensity  was  udinsted  Icelow  1  his 
.iii *l< i  io  evoke  miiv  siijihl  motor  effects. 

EEG  Recordings  were  obtained  with  a  Grass 
eie.  I r. .en«  cphalngrapii  from  (he  unancsthe- 
lized.  unrestrained  animais  which  were  usually 
trac.able.  only  o.  la-iortal  movement  artefacts 
interfered  with  the  recordings. 

Records  of  Behavior.  The  cats  were  ground 
in  a  glass- fronted  cage,  7 1  ■<  x  3  x  3 1  -j  feet, 
males  and  females  in  ratios  of  5:3,  311  or  2:  1; 
sometimes  two  small  groups  were  studied 
simullaneotisly  by  using  a  partition  in  the 
cage.  Kadi  group  had  one  implanted  electrode 
nil  (IKC).  A  time-lapse  camera  took  one 
picture  every  o  seconds  for  to  hours  each  day 
(Usually  from  8:30  ,t.M.  to  6:30  icm.).  Tem- 
[leraturc  was  kepi  at  about  2o’C;  illumination 
was  furnished  by  24  fluorescent  lights  (20  w, 
white)  with  a  lightmeter  reading  of  13.  The 
room  was  sound  proof.  Diet  was  the ‘synthetic’ 
type  of  Krehl  <■/  at.  (22)  slightly  modified.3 
films  were  analyzed  according  to  different 
patterns  of  behavior  selected  after  preliminary 
study:  /)  walking  or  standing  on  all  fours. 
_>)  Aggressiveness,  evidenced  by  threatening, 
snarling,  flattening  the  ears,  piloercction,  light¬ 
ing  position  and  striking.  Aggressiveness  was 
usually  defensive,  muscle  tonus  seemed  in¬ 
creased,  the  forelegs  were  semiflexed  and  the 
cat  watched  its  opponent  intently.  ?!  Playful 
activity,  shown  by  gentle  pawing  of  objects 
or  bv  a  pre'ense  to  light.  Also  included  tit  this 
category  was  a  quite  characteristic  j*attern 
that  appeared  clearly  in  the  time-lapse  films: 
the  animal  lay  on  one  flank  with  fore  and  hind¬ 
legs  extended,  the  body  relaxed  and  generally 
motionless,  but  it  gently  pawed.  (13  times  in 
7  mind  anv  object  or  a  passing  cat.  .f)  (  on- 
tactual  activity,  shown  by  sniffing,  ticking, 
nuzzling  and  rubbing.  This  pattern  may  t>c 
regarded  as  sexual  activity;  it  was  not  only 
[HTtormoi  Ik.- tween  members  of  the  different 
sexes  as  sexual  play  or  courtship  but  was 
often  present  as  well  )>el ween  mates,  although 
it  was  seldom  seen  between  anestrus  females. 
Some  of  the  patterns  could  not  lie  differentiated 
from  purely  investigatory  activity  which  might 

1  We  are  indented  n>  Dr.  J.  J.  Bartx.riak  from  the 
De|.i  Ihnchc-iuisiic.  Vale  I'niversity  Nutrition 
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have  no  1  onnection  at  ail.  however,  with  sexual 
activity.  Categories  were  usually  easily  identi- 
hible  in  the  films,  but  borderline patterns  were 
sometimes  difficult  to  appraise  and  more  fre¬ 
quent  pictures  nr  additional  direct  observations 
might  la-  necessary. 

Direct  observations  and  8  15  <lavs  of  re¬ 
cordings  were  made  for  each  IKC  before, 
during,  and  in  some  animals,  after  stimulation. 
Some  cats  were  recorded  daily  and  others 
every  other  clay,  with  HKDs  marie  on  alter¬ 
nate  clays.  IKC  was  removed  from  the  cage 
for  1  hour  for  control  or  stimulation  during 
each  io-hour  record.  This  period  was  c  hosen 
at  random  for  some  animals  and  at  a  fixed  hour 
for  others,  during  the  first  4  hours  of  the  10- 
hour  recording.  The  timing  and  arrangement 
of  colonies  varied  for  different,  i  KCs  but  con¬ 
ditions  were  always  as  similar  as  possible 
during  control  and  stimulation  for  each  one. 

Location  of  Electrodes.  After  the  study  of 
each  IKC  was  completed  the  animal  was  killed 
under  anesthesia  and  )>erfusctl  with  formalin 
:ccv  ;  paraffin  «?*.:♦  inns  cf  :!.c  br.-ln  were  made 
and  stained  by  the  Klucver  method  (23).  The 
needle  tracts  were  microscopically  examined, 
and  situ  e  there  w:s  no  htstnlogu  a)  evidence 
of  the  position  if  each  contact  within  the 
tract,  position  of  each  point  was  calculated 
by  comparison  wi'h  the  preservecl  array  of 
electrodes.  The  anatomical  structures  involved 
included  both  cortical  medial  and  busoiaterni 
part  of  the  amygdala,  anterior  hypothalamus, 
internal  capsule,  anterior  hippoc  ample-  and 
f.iix  cerebn. 

Kt  set.  is 

Observations  During  the  1-Hour  Stimula¬ 
tion  Period.  Several  somatomotor  and  auto¬ 
nomic  responses  were  found  as  the  result  of 
prolongecl  intermittent  stimulation  of  1  lie 
amygdaloid  nuc  leus.  The  most  common  was 
ipsiluleral  involvement,  of  facial  muscles  syn¬ 
chronous  with  the  stimulation  bursts:  c  losing 
the  eye.  lowering  the  ear,  retraction  of  mouth 
and  rhythmic  movements  of  upjxrr  lip  and 
nostrils  as  in  sniffing.  Kicking  the  chops  was  a 
more  integrated  pattern  often  observed  and 
highly  integrated  ]>a»terns  also  occasionally 
develojied.  such  as  smelling  the  ffoor  and  walls 
of  the  observation  box.  which  were  .i--.no.  iated 
with  flexing  and  other  exploratory  movements. 
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Several  limes  >nts  suddenly  shifted  from  a 
quiet  altitude  to  very  active  playfulness.  p;nv- 
ing  any  object  available. 

\uttmomi'  effects  consisted  in  pupil  dibit  a 
>lon  and  pihxTection:  somatomotor  effects,  in 
general,  decreased  in  intensity  during  the  hour 
stimulation.  Afterdischarges  in  most  tats  ap- 
jH-ared  as  rhythmic  blinking;.  utxming  and 
dosing  the  mouth  with  retraction  of  the 
corners,  propulsion  of  the  tongue,  plentiful 
salivation,  dilatation  of  pupils  anti  cessation  of 
motor  activity.  Sometimes,  however,  the  ani¬ 
mal  moved  around  or  compulsively  tried  to 
esca|x\  Usually  afterdischarges  stopped  spon¬ 
taneously  regardless  of  accompanying  inter¬ 
mit'  '.ml  bursts.  They  generally  lasted  from  3 
seconds  to  more  than  a  minute,  but  sometimes 
lasted  up  to  to  minutes,  at  which  point  the 
stimulator  was  turned  off  until  the  epileptic 
i  risis  disapjHtared.  Afterdischarges  began  at 
unpredictable  times  and  were  observed  re¬ 
gardless  of  the  fact  that  in  till  animals  in¬ 
tensity  of  current  was  below  convulsive 
t  brcshold. 

Qualitative  Observations  During  Stimula¬ 
tion  Days.  Intermittent  electrical  stimulation 
of  amygdala  for  1  Itour  produced  in  general 
an  increase  of  time  spent  in  some  activities 
and  determined  the  appearance  of  afterdis¬ 
charges  and  automatisms.  Some  stimulated 
cats  jiersisicntiy  tried  to  cover  feces  excreted 
by  other  cals,  which  was  never  observed  in 
nonstimulated  animals.  Some  less  tractable 
animals  became  gentler  after  amygdala  acti¬ 
vation,  except  for  crises  of  compulsive  lie- 
havior;  in  such  animals  rough  handling  or 
administration  of  noxious  stimuli  usually 
failed  to  elicit  the  previously  observed  anger 
react  ions. 

Several  times  male  cuts  were  observed 
crouching  like  estrus  females  but  raising  of 
the  pelvis,  turning  the  tail  to  one  side  and 
treading  were  not  so  lonsptcious  as  in  the 
female.  Occasionally  the  electrically  stimu¬ 
lated  males  were  clamjxtd  by  other  males  and 
two  animals  were  repeatedly  mounted,  al¬ 
though  homosexual  mounting  was  most  un¬ 
common  among  normal  cats  in  our  exjieri- 
nients. 

Motor  afterdischarges,  like  those  of  the 
stimulation  jieriod,  were  frequently  seen 
immediately  and  or  several  minutes  after 
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’  Increments  and  decrements  were  obtained  by 
subtracting  the  mean  :or  the  control  jieriod  from  the 
corresponding  mean  of  the  stimulation  period.  Sic 
nificancc  was  calculated  by  ranking  jirocedures  124. 
iO  and  l‘  <  0.05  is  indicated  in  italics. 

f  Other  stimulated  sirueHires  \u-ie  tnii  rti.il  vtji-uie 
tnj  Is  .1..1I  ,v  .  I  a  lx  ort-lui  ;  '  aiiiirim  b\ i ■ 

thalamus  i«ijf>  is.  ro  and  /- 

stimuhition  was  stopped  <  h  .  asimully  alter 
discharges  were  observed  at  intervals  during 
the  day  or  for  several  day-  after  the  stimula¬ 
tion  jieriod.  The  seizures  dcvclop-il  a  few 
hours  after  stimulation,  were  shot  irr  in  dura¬ 
tion  and  were  discrete:  slight  blinking,  dilata¬ 
tion  of  pupils  and  moveiuetii s  of  nostrils  and 
upjier  lip  with  no  salivation.  <  ><  >  asionally 
catatonic  stances  occurred,  lasting  as  long  as 
35  set  onds.  When  the  animal  was  returned  In 
the  colony  with  afterdischarges  still  present, 
jt  was  examined  and  sntlTet!  thorough!1.'  by 
the  other  cats.  The  stimulated  cat  usually  did 
1101  respond  in  any  way  but  remained  stand¬ 
ing  or  seated,  moving  its  head  slowly  from  one 
side  to  the  other,  obviously  disoriented.  Uu;t- 
sionally  animals  in  this  state  walked  back  and 
forth  through  the  colony,  sometimes  provok¬ 
ing  rage  among  :he  other  cats  and  being 
struck  at  without  responding.  At  oilier  times 
the  stimulated  cat  would  attack  without  good 
orientation.  Outside  the  colony  the  animal  m 
this  state  showed  compulsive  behavior;  an 
apparently  anil  otherwise  jieaceful  cat  might 
jump  off  the  observation  table  or  'tiuggle 
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slioudl  reversible  rfftvis  fur  playful  activity, 
thus  allowing  for  a  second  trial  which,  how¬ 
ever,  elicited  the  fatal  epileptic  crisis  de¬ 
scribed.  No  other  cats  were  studied  in  connec¬ 
tion  with  reversibility  of  quantified  behavioral 
changes. 

ElectroencephaJographic  Activity.  Sjtontane- 
ous  electrical  activity  in  unanesthetized  ani¬ 
mals  shows  patterns  which  can  be  repeated 
with  similar  characteristics  on  different  days 
An  example  is  given  in  figure  i.i,  where 
activity  of  pyriform  cortex,  basolateral  amyg¬ 
dala.  globus  pallid  us  and  putamen  was  re¬ 
corder]  in  both  sides  of  the  brain.  Regular 
last  activity  with  amplitude  about  pv 
mixed  with  same  slower  frequencies  was  often 
observed  in  amvgdala. 

Intermittent  electrical  stimulation  ot  amyg¬ 
dala  for  one  hour  as  described  in  methods 
evoked  lasting  changes  in  t he  electrical  activ¬ 
ity  of  the  brain.  A  few  minutes  after  the  i- 
hour  jH-riod  of  bipolar  stimulation  the  activity 
appeared  rather  disorganized  in  both  sides, 
with  slow  swings  of  frequency  about  i  2  sec. 
and  amplitude  of  300  pv,  more  prominent  in 
the  stimulated  side  (tig.  1/5).  A  typical  feature 
was  the  appearance  in  the  stimulated  points 
of  related  buists  of  about  25  cps  alrne  100 
pv,  each  lasting  for  200  250  msec.  This  effect 
lasted  a  few  hours  in  some  animals  and  up  to 
3  days  in  others.  One  day  after  stimulation 
isolated  but  frequent  (e.g.,  4-10/sec.)  spikes 
or  spikes  and  waves  alternated  with  repetitive 
spiking  (2  5/sec.)  and  with  short  bursts  of 
high  voltage  spiky  activity,  as  shown  in  figure 
1 C.  Sometimes  a  burst  of  spikes  lasting  several 
seconds  ...ts  evoked  by  auditory  stimulation 
such  as  clapping  hands.  Contralateral  to  the 
stimulation  electrical  activity  was  depressed 
and  propagation  of  spikes  was  rarely  observed. 
During  the  recordings  in  figure  1 C  the  cat  did 
not  seem  disturbed,  no  automatisms  were 
present  and  the  animal  behaved  as  usual. 
However,  at  other  times  motor  afterdischarges 
were  observed.  In  several  cats,  such  as  cat  28, 
it  was  possible  to  record  the  cerebral  electrical 
activity  during  motor  (face)  and  autonomic 
(salivation,  pupillary  dilatation)  afte-dis- 
charges  and  one  example  is  given  in  figure  2, 
where  the  descrilied  effects  appeared  at  the 
arrow,  when  a  well  organized  spike  and  wave 
activity  was  recorded  in  all  leads.  In  other 
animals  automatisms  were  concomitant  with 
high  voltage  (about  1  mv)  spikes  and  waves 


LT  HX. 


4- r  ^  ^ 

5- Z  > '/ 


'<  ,v*s,vv  v.>. 


4-7  • 


C  53 

1  ’  / 


J-V  V 

■4-7 


\  * 


ut  NBC. 

>5 


•-7 

\-3 


htmx. 


u  mx. 


3-J  -  ^ 
-7"  • 


V  ; 

'  *V 


--  - 


4-7 


C  33  -  . 


..  C  ,-v,  ...vi  .. 

nr.  mx. 

.A,.’.' 

Lf  MX. 

— .  — 3—4-  .. ... _  .  .  - , _ , — .....  .  ... 


4-7 - 


C  33 


Etc.  1  Diagram  shows  the  location  of  l«oih  needle 
tracts  in  cal  ;j.  The  leads  were  i:i  pyriform  cortex, 
amygdala,  globus  pallidas  and  pntamen.  A  -Spontanr- 
ous  electrical  activity  besrirr  any  '!!n:u!ation  was 
applied.  B.  Electrical  activity  a  few  minutes  alter  1  hr 
intermittent  stimulation.  ('.  One  day  after  stimulation 
jjattems  were  paroxysmal,  appearing  more  or  less  regu¬ 
larly.  D.  Three  days  after  stimulation  the  pat  tern 
apjteared  normal,  latter,  not  shown  in  figure,  another 
liour  stimulation  was  administered  and  similar  changes 
in  EEC  were  observed 
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I'ii..  j,  I)cvf lopmvnt  of  spike  arvl  wave  activity  in  «■«/  -m  iluring  the  ?rd  day  of  stimulation.  At  the  arrcKa 
motor  ami  autonomic  manifestations  appeared.  The  liinh  fretjuenev  Inirsts  liefore  the  iirrittr  ap|K'.;rc*l  at  variable 
times  'without  motor  nr,  I  aiitrtnomie  manifestations  or  automatisms. 


which  were  rqteated  about  ontc  every  2  sec¬ 
onds.  At  variable  times,  usually  4  -8  days  after 
stimulation,  afterdischarges  disappeared,  as 
shown  in  figure  1 D.  However,  electrical  ac¬ 
tivity  could  have  some  differences  as  com¬ 
pared  with  the  control  |>eri<>d,  as  is  shown  in 
this  figure  hv  the  slowing  down  in  linkages 
LT  NI)L  1  /. 

Pathology.  Microscopic  study  of  the  brain 
revealctl  a  destruction  along  the  needle  tract 
without  neural  elements  but  with  polymor¬ 
phonuclear  cells,  capillary  proliferation  and 
collagen  tissue.  Around  the  tract  there  was  a 
rather  delimited  capsule  with  abundant  fibro¬ 
blasts.  collagen  tissue  and  some  neuroglia  and 
microglia  cclis.  The  si/e  of  the-  tract  varied, 
the  usual  diameter  lieing  about  t  mm.  Beyond 
the  capsule  neurons  appeared  well  preserved 
in  general.  Histological  study  of  the  points 
which  were  rqtcatcdly  electrically  stimulated 
did  not  reveal  any  sjttciai  characteristics,  nor 
could  nnv  difference  l>e  observed  between 
stimulated  and  nonstimulated  sides  of  the 
brain  Needle  trad.;  of  two  animals  which,  as 
a  result  of  stimulation  had  continued  seizure 
a:  tivit  v.  were  histologically  similar  to  the  rest 
oi  K"  group.  In  effect,  in  m.r  cxjieriments  pro¬ 
longed  elei  ,rical  stimulation  of  some  points  of 
the  brain  did  not  produce  observable  histo¬ 
logic  al  changes. 

nisi  a  ssn  «\ 

In  agreement  with  previous  investigations 
fS.  |-,  iS,  eCil  a  varietv  of  sni.i.tiic,  autonomic 
and  Is-'navioral  cffc-cts  were  evoked  in  our 
studies  of  eiei'rna!  stimulation  of  Mu'  amyg¬ 
dala.  In  the  superior  points  of  this  region  close 
to  put  a  men  effects  were  usually  contralateral, 
while  in  lower  stnn  ture<  the  effec  ts  were  more 
open  it><il.itcrai.  In  some  cats  points  in  the 
amygdala  •  lose  to  the  pvritorm  mnea  failed 
!•*  evoke  the  ipsilater.ii  movements  observed 
bv  st inniia! i. >n  of  more  iijx-rior  structures 
I  h is  argues  igains;  .1  spread  of  1  urren*  to 


cranial  nerves  which  would  cause  ipsilatcral 
effects,  as  does  the  fact  that  some  of  the  motor 
afterdischarges,  present  after  cessation  of 
stimulation,  were  ipsilaterai. 

It  should  be  emphasized  that  motor  after- 
discharges  result  from  prolonged  stimulation 
using  intensities  below  seizure  threshold.  This 
indicates  a  long  temfmral  summation  at  the 
initiation  of  the  localized  motor  seizures  be¬ 
cause  the  half  second  of  stimulation  was 
spaced  every  4*4  seconds,  as  explained  in 
methods.  The  afterdischarges  usually  slop|jed 
in  spite  of  the  persistence  of  the  intermittent 
stimulation,  which  indicates  a  limiting  factor 
in  the  temporal  summation  and  the  independ¬ 
ence  of  the  mechanism  responsible  for  the 
termination  of  the  afterdischarges. 

As  shown  by  direct  observation,  prolonged 
stimulation  nf  the  amygdaloid  nucleus  could 
increase  or  decrease  the  aggressive  behavior  of 
the  same  cat;  it  would  seem,  therefore,  that 
positive  and  negative  influences  upon  aggres¬ 
siveness  exist  in  different  points  of  the  amyg¬ 
daloid  complex,  a  possibility  that  would 
explain  some  of  the  contradictory  results  in 
the  literature  (2,  q)  and  needs  further  exjieri- 
mental  confirmation. 

Recording  of  behavior  by  time-lapse  pho¬ 
tography  and  its  quantification  by  counting 
the  number  of  pictures  in  which  a  particular 
category  of  behavior  is  present  offers  the  ad¬ 
vantage  of  objectivity  of  results,  the  possibility 
ot  statistical  treatment  of  figures  and  allows 
study  ot  various  tytv's  nf  Ijehavior  simultane¬ 
ously  in  several  animals.  One  limitation  of  the 
method  is  that  some  categories  are  difficult  to 
identify  iti  the  films.  Play,  for  example,  mav 
be  confused  with  lighting  and  more  frequent 
pictures,  or  additional  direct  observations 
sometimes  arc  ne<  essary.  The  lime  spent  in 
analysis  depends  u|K>n  the  aim  of  the  investi¬ 
gator  An  S-hour  film  may  !*•  si  anned  in  a  few 
minutes  to  learn  the  relationship-  between 
sleep  and  wakefv'nes*.  but  it  takes  m.mv 
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hours  to  assemble  detailed  data  on  liehavior. 
A  critical  study  of  the  method  will  lie  made 
elsewhere  (37);  in  the  present  paj>cr  we  pre¬ 
sent  its  application  to  the  study  of  the  effects 
of  amygdala  stimulation  u|xm  group  behavior. 
Increase  in  playful  liehavior  was  statistically 
significant  during  the  days  of  brain  stimula¬ 
tion;  it  was  reversible  and  could  lie  duplicated. 
It  should  lie  remembered  that  photographic 
recordings  were  always  made  of  the  whole 
colony  and  the  I  EC  was  removed  from  the 
group  for  brain  stimulation,  so  that  we  were 
not  recording  the  direct  results  of  cerebral 
stimulation  but  only  the  effects  which  out¬ 
lasted  the  stimulation  period.  Play  is  a  sup¬ 
posedly  highly  integrated  type  of  behavior;  its 
pattern,  as  shown  bv  the  study  of  films  and 
in  supplementary  direct  observation  of  the 
colony,  did  not  appear  to  be  modified  by 
amygdala  stimulation,  but  the  time  spent  in 
this  activity  was  increased.  Modification  of 
other  types  of  behavior  was  less  clear,  but 
contactual  activity  also  seemed  to  be  increased 
by  stimulation  of  the  amygdala. 

In  our  experiments  qualitative  and  quanti¬ 
tative  mcxlifiaitions  of  behavior  showed  corre¬ 
lation  with  local  disturbances  of  electrical 
activity  of  the  amygdaloid  region.  Behavioral 
and  elect  roencephaWf/raphic  changes  lasted 
for  hours  or  days  after  the  stimulation  period: 
with  the  two  exceptions  noted,  both  were  re¬ 
versible  and  couid  he  duplicated.  Compulsive 
behavior  developed  occasionally  and  ir.  general 
t lie  modification  of  behavior  was  only  quanti¬ 
tative.  with  social  activities  appearing 
qualitatively  normal.  Our  results  agree  with 
the  correlation  between  seizure  activity  and 
behavioral  somatic  and  autonomic  changes 
evoked  bv  stimulation  of  the  amygdaloid 
complex  as  described  by  N'aquet  in  (lastaui's 
laboratories  (:&' 

The  potential  danger  of  elect rb  ai  stimuia- 
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rsot  possible  to  establish  any  cor  tension  be¬ 
tween  the  degree  of  the  effects  and  extent  of 
the  histological  re.r.  (ion,  d)  there-  were  no  hir»- 
to'ogica!  differences  lietween  stimulates!  and 
nonstimulutcd  points,  or  between  stimulated 
and  nonstimt'latcd  cats  which  died  in  epileptic 
status.  Whether  or  not  injury  cooj* rated  in 
he  development  of  the  effects  cannot  be  de¬ 
cided  without  further  investigation. 
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